Objective: To see whether it was possible to replicate in a prospective study the association recently reported between infection with the more virulent (type 1) cytotoxin associated gene A (CagA) antigen carrying strains of Helicobacter pylori and increased risk of coronary heart disease. Design and setting: Nested case-control study in a clinical outcomes trial. Subjects: Participants in the West of Scotland coronary prevention study. Methods: H pylori CagA serological status was determined in plasma samples of 201 subjects (cases) who subsequently had a coronary event during follow up and in 414 subjects (controls) matched for age and smoking who remained event-free, using a semiquantitative commercial enzyme linked immunosorbent assay (ELISA) kit against the p120 antigen of CagA. Results: 105 (52%) in the case group and 176 (43%) in the control group were seropositive (odds ratio (OR) 1.49, 95% confidence interval (CI) 1.06 to 2.10, p = 0.022). The association remained significant after adjustment for blood pressure, body mass index, plasma concentrations of low density lipoprotein and high density lipoprotein cholesterol, history of hypertension and diabetes, statin treatment, and socioeconomic status (OR 1.51, 95% CI 1.06 to 2.16, p = 0.023). Baseline inflammatory markers (white cell count, C reactive protein, fibrinogen) were not significantly increased in either H pylori CagA positive cases or controls. Conclusions: The findings provide support from a prospective study for the hypothesis that there is an association between infection with CagA bearing strains of H pylori and coronary heart disease. The mechanism(s) underlying the association remain to be elucidated.
T
here is increasing evidence from both clinical and experimental observations that inflammation plays an important part in the pathogenesis of coronary heart disease (CHD). 1 2 Systemic markers of inflammation such as C reactive protein and acute phase reactants such as fibrinogen and serum amyloid A have been shown to be associated with risk of myocardial infarction. [3] [4] [5] [6] A potential cause of the inflammation leading to CHD is chronic infection, and in the past decade a large number of studies have tried to find a link between the two. 7 A particular focus of attention has been Helicobacter pylori. H pylori is a microaerophilic spiral shaped Gram negative bacterium that colonises the gastric lumen of humans and other primates. Infection is commonly acquired in childhood and is usually chronic. 8 The bacterium is now recognised to be of major aetiological importance in peptic ulcer disease 9 and in gastric cancer. 10 Mendall and colleagues 11 were the first group to report a higher prevalence of H pylori seropositivity in patients with CHD than in healthy volunteers. However, subsequent studies have produced conflicting findings 7 and the significance of the association remains uncertain. Confounding by the relation of H pylori infection to other CHD risk factors such as age and social class may, at least partly, explain the contradictory results. 7 However, recent studies have explored another possibility. There is genetic diversity between H pylori strains, which affects virulence. 12 Specifically, strains bearing the cytotoxin associated gene A (CagA) provoke a heightened inflammatory response in vivo 13 and show a stronger relation with peptic ulcer disease 14 and gastric cancer. 15 In 88 patients with CHD (age 57 (8) years, 74 men) and in 88 matched controls, Pasceri and colleagues 16 observed a 3.8-fold adjusted increase in risk of CHD in H pylori CagA seropositive subjects. More recently, we reported that in subjects < 65 years old (153 patients recruited at the time of their myocardial infarction, 153 controls), H pylori CagA seropositivity was associated with a 1.8-fold increase in risk of myocardial infarction, which increased further to 2.25-fold in subjects < 55 years old. 17 These findings require confirmation in further studies. Here we report a prospective analysis of the association between seropositivity for CagA bearing strains of H pylori and CHD in subjects in the West of Scotland coronary prevention study (WOSCOPS).
METHODS

Study design and subjects
In WOSCOPS, 6595 men under the age of 65 years who had low density lipoprotein (LDL) cholesterol concentrations between 4.5-6.0 mmol/l, but who had no history of a myocardial infarction, were randomly assigned to receive 40 mg of pravastatin or placebo daily. 18 Over a mean follow up period of 4.9 years, the incidence of the primary end point, a composite of non-fatal myocardial infarction and death from CHD, was 31% lower with pravastatin treatment. 18 Risk reductions of the same magnitude were seen for revascularisation procedures (coronary artery bypass and percutaneous transluminal Abbreviations: CagA, cytotoxin associated gene A; CHD, coronary heart disease; CI, confidence interval; ELISA, enzyme linked immunosorbent assay; HDL, high density lipoprotein; LDL, low density lipoprotein; MCDS, mean Carstairs deprivation score; OR, odds ratio; WOSCOPS, West of Scotland coronary prevention study coronary angioplasty). In total 580 subjects had a primary end point (507) or a revascularisation (77) as a first event. 18 For the current analysis a nested case-control approach was adopted. Plasma samples were available from the one year follow up visit. In the first year, 118 events occurred. Among subjects who were event-free at this point, 214 (46%) who subsequently developed an event (177 primary end point, 24 revascularisations) were randomly chosen. Each was matched with two subjects who remained event-free, for a total of 428 controls, on the basis of age (using two year age categories), duration of follow up, and smoking status, with subjects categorised as either current smokers or non-smokers/former smokers.
Measurements
All major risk factors were assessed during recruitment. 19 Fasting total, LDL, and high density lipoprotein (HDL) cholesterol concentrations were measured. Haemtaological variables including the white cell count were determined and fibrinogen was assayed by heat precipitation nephelometry. 19 C reactive protein was measured more recently in plasma collected at recruitment and stored at -70°C using a high sensitivity, two site enzyme linked immunoassay. 20 Socioeconomic status was assessed using the mean Carstairs deprivation score (MCDS). 21 Education level (categories: none, school, further, or university) and employment status (categories: employed, unemployed, retired, or invalid) were recorded.
IgG antibodies to the CagA protein were quantified in plasma samples using a commercial enzyme linked immunosorbent assay (ELISA) kit (Helicobacter p120 (CAGA) ELISA, Viva Diagnostics, Hurth, Germany). We have previously validated the ELISA by concurrent western blotting analysis to confirm the presence or absence of CagA antibodies using a reference strain (NCTC 11637, National Collection of Type Cultures, London, UK) as antigen. 17 A cut off value of > 7.5 U was taken to categorise samples as positive as recommended by the manufacturer. Laboratory staff were blinded to the case-control status of the samples.
Statistical analysis
Quantitative variables were compared between the case and control groups, and between H pylori CagA positive and H pylori CagA negative subjects using analysis of variance. Qualitative variables were compared using χ 2 test. Conditional logistic regression analysis was used to assess the independent association of H pylori CagA seropositivity with risk of CHD. Adjustment was made for CHD risk factors and socioeconomic status as assessed by the MCDS. Quantitative variables were included as continuous variables and qualitative variables as categorical variables. Odds ratios (OR) and 95% confidence intervals (CI) were calculated. Correlation of H pylori CagA seropositivity and MCDS was assessed using the Spearman rank correlation.
RESULTS
Plasma samples for H pylori CagA analysis were available for 201 (94%) of the chosen cases and 414 (98%) of the controls. Table 1 summarises the clinical characteristics of these subjects. The groups did not differ in most parameters except that systolic and diastolic blood pressures were higher and frequency of hypertension greater in the case group. Interestingly, in these randomly selected subgroups, plasma lipid concentrations were not different between the case and control groups and randomisation to statin treatment was similar. Table 2 summarises H pylori CagA serological status for the case and control groups. H pylori CagA seropositivity and subsequent development of CHD were significantly associated (OR 1.49, 95% CI 1.06 to 2.10, p = 0.022). The association remained significant after adjustment for blood pressure, body mass index, plasma concentrations of LDL and HDL cholesterol, history of hypertension and diabetes, and pravastatin treatment (OR 1.49, 95%CI 1.05 to 2.12, p = 0.026). There was a significant correlation of H pylori CagA seropositivity with the MCDS (r = 0.114, p = 0.020), although it was not significantly associated with CHD. Nevertheless, inclusion of the MCDS in the multivariate conditional logistic regression analysis did not significantly alter the relation of H pylori CagA seropositivity with development of CHD (OR 1.51, 95% CI 1.06 to 2.16, p = 0.023). We also explored the effect of individual components of socioeconomic status. There was a significant negative association between CagA seropositivity and education level attained in both the case and control groups, but no relation with employment status (table 3). However, neither education level (OR 1.58, 95% CI 1.07 to 2.15, p = 0.019) nor employment status (OR 1.53, 95% CI 1.08 to 2.16, p = 0.017) had an effect on the association of CagA seropositivity with development of CHD. Similarly, there was no effect of pravastatin treatment (OR 1.72, 95% CI 1.02 to 2.88 in pravastatin treated subjects; OR 1.33, 95% CI 0.84 to 2.12 in placebo treated subjects, test for interaction p = 0.672). Finally, the association remained significant when subjects with revascularisation were omitted and analysis was restricted to the 177 subjects with the primary end point of non-fatal myocardial infarction or death from CHD (OR 1.44, 95% CI 1.01 to 2.05, p = 0.047).
To investigate whether H pylori CagA seropositivity was associated with evidence of increased systemic inflammation, There is a significant association of CagA seropositivity and development of coronary heart disease (p=0.022).
we compared baseline values for white cell count, serum fibrinogen, and C reactive protein in the case and control groups stratified by CagA status. Table 3 shows these data, together with values for the classic risk factors. None of the inflammatory markers were significantly increased in either H pylori CagA positive patients or controls.
DISCUSSION
In this study, we provide evidence from a prospective study that seropositivity for the CagA strains of H pylori is an independent risk marker for the development of clinical CHD in middle aged white men. We adopted a nested case-control approach to test our hypothesis that H pylori CagA seropositivity would confer increased risk. On the basis of previous estimates of a prevalence of CagA seropositivity in white populations (approximately 40%), 14-17 our study was sufficiently powered (> 90%) to detect the previously reported 1.8-fold increase in risk in subjects who were H pylori CagA seropositive. 17 As our study population was derived from a cardiovascular clinical trial, detailed and accurate information was available at baseline on other cardiovascular risk factors 19 to permit adequate adjustments to be made for potential confounding factors.
Apart from the initial study of Pasceri and colleagues 16 and our own previous case-control study of patients recruited at the time of their acute event, 17 to our knowledge only two other studies and only one other prospective study have investigated the association of H pylori CagA seropositivity and CHD. In a case-control study of 312 patients with stable CHD and 479 controls recruited from healthy blood donors, Koenig and colleagues 22 found an OR for CHD given a positive H pylori CagA status of 1.5 (95% CI 1.0 to 2.1), which decreased to 1.1 (95% CI 0.7 to 1.7) after adjustment for smoking, diabetes, hypertension, alcohol consumption, number of years of formal education, and plasma HDL cholesterol. More recently, Whincup and associates 23 reported findings from the prospective British regional heart study. In 505 subjects who developed CHD over a mean follow up of 16 years and 1025 age matched controls who remained symptom-free, the OR for CHD for subjects who were H pylori CagA seropositive at baseline was 1.42 (95% CI 1.06 to 1.91), which fell to 1.10 (95% CI 0.71 to 1.71) after adjustment for risk factors. The decrease was particularly pronounced and the OR became insignificant after adjustments for markers of adult and childhood socioeconomic status. 23 Lack of information on and therefore adjustment for confounders has been proposed as an important reason for the variable associations reported between H pylori infection and CHD. 7 In particular, many studies have not adjusted for socioeconomic status, which is known to affect both risk of CHD and H pylori carrier status. As illustrated by the excellent study of Whincup and associates, 23 often when socioeconomic status is taken into account, the observed association between H pylori seropositivity and CHD is decreased or lost. However, the appropriateness of such adjustment needs some discussion. How socioeconomic deprivation increases risk of CHD is not fully known. Increased susceptibility to chronic H pylori infection may provide one mechanism. If this is the case, then H pylori CagA seropositivity becomes an intermediate step in the causal pathway and adjustment for socioeconomic status is likely, by definition, to reduce any association between infection and CHD risk. In this study, we observed a significant correlation between H pylori CagA seropositivity and the MCDS, a validated instrument for measuring socioeconomic status. 21 H pylori CagA seropositivity was also associated with a significantly higher MCDS in controls and a borderline significantly higher score in the case group (table 3) . However, adjustment for the MCDS or for two other individual markers of socioeconomic status (education level and employment status) did not influence the relation between H pylori CagA seropositivity and CHD in the WOSCOPS subjects. This suggests that the relation between infection with H pylori CagA strains and risk of CHD is not entirely explained by socioeconomic status, although a limitation of our study is the lack of information on detailed childhood socioeconomic status.
Initial studies suggested that H pylori seropositivity is associated with evidence of increased systemic inflammation, 24 25 thus providing a possible mechanistic link between chronic infection and CHD. However, a recent meta-analysis 26 suggested that the correlations were caused by chance or publication bias. As in previous studies, [3] [4] [5] [6] baseline plasma C reactive protein concentrations, white cell count, and serum fibrinogen were strong predictors of the risk of coronary events in WOSCOPS. 20 However, we found no evidence of increased values of these markers in subjects who were H pylori CagA seropositive. A potential limitation of our study is that the inflammatory markers and CagA serological status were not measured on samples collected at the same time. The markers were measured from samples collected at the time of recruitment into WOSCOPS, whereas CagA antibodies were measured from samples collected at one year (that is, the For quantitative variables mean (SD) is given. CRP, C reactive protein; BMI, body mass index; DBP, diastolic blood pressure; MCDS, mean Carstairs deprivation score; SBP, systolic blood pressure; WCC, white cell count. *Further education refers to proportion of subjects who studied beyond school level; †employment refers to proportion of subjects in employment at start of study; ‡although mean data are shown, analysis was done on log CRP, as the distribution of values was skewed.
baseline for this study; see Methods). However, since H pylori infection is usually acquired in childhood or in early adult life, 8 it is unlikely that there was a significant shift in serological status during the first year of WOSCOPS to obscure any relation. Further, our findings are similar to those observed by Koenig and colleagues 22 and Whincup and associates. 23 Another potential mechanism is through direct infection of vascular tissue. However, in contrast to other infectious agents such as Chlamydia pneumoniae, H pylori has not been consistently isolated from atherosclerotic tissue, 27 28 although a recent study 29 has reported finding H pylori DNA in 20 of 38 carotid plaques and morphological and immunohistochemical evidence of H pylori infection in half the DNA positive plaques. Therefore, the mechanism by which infection with H pylori CagA bearing strains predisposes to CHD remains unclear.
Although the increased risk associated with H pylori CagA seropositivity is relatively small, it has a high prevalence in over 40% of the population. It is therefore possible that the attributable risk is considerable, especially if the recent concept that the risk of CHD associated with infections may be multiplicative and related to the "pathogen burden" is substantiated. 30 Strategies aimed at infection prevention and eradication, which have already been successfully used to reduce the risk of peptic ulcer disease, may have a considerable impact on the incidence of CHD. However, before randomised trials of antibiotics against H pylori for the prevention of CHD can be recommended, further data from prospective studies are necessary given the conflicting findings so far.
In summary, we report evidence from a prospective study of an independent and moderate association of seropositivity for CagA bearing strains of H pylori and risk of subsequent CHD, at least in middle aged white men.
